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1
MULTILAYER CERAMIC CAPACITOR AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0084171 filed on Jul. 17, 2013, with the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multilayer ceramic
capacitor and a method of manufacturing the same.

2. Description of the Related Art

A multilayer ceramic capacitor, a multilayer chip elec-
tronic component, is a chip-type condenser mounted on a
printed circuit board (PCB) of various electronic products
such as imaging devices (or video display devices) like liquid
crystal displays (LCDs), plasma display panels (PDPs), and
the like, computers, personal digital assistants (PDAs), cel-
Iular phones, and the like, to charge and discharge electricity.

A multilayer ceramic capacitor (MLCC), having advan-
tages such as compactness, high capacitance, and ease of
mountability, may be used as a component of various elec-
tronic devices.

Also, in the MLLCC, internal electrodes are printed on indi-
vidual ceramic sheets so as to be smaller than the ceramic
sheets and have a predetermined thickness. When the ceramic
sheets having the internal electrodes printed thereon are
stacked, steps are inevitably generated between marginal por-
tions in which no internal electrodes are formed and dielectric
layers on which the internal electrodes are formed.

Such steps may be severe in the outermost portions of the
internal electrodes.

Due to the steps, in a case in which a thermal shock is
applied or stress resulting from warpage of a printed circuit
board (PCB) having the MLLCC mounted thereon is applied,
portions of the dielectric layers may be delaminated or cracks
may be generated.

Then, moisture, other foreign objects, or the like, may
infiltrate into exposed portions of the internal electrodes due
to the delamination or cracks, to thereby degrade insulation
resistance, reliability, or the like.

Patent document 1 discloses an MLCC, but fails to disclose
a limitation in numerical values regarding a ratio between a
ceramic body and an active layer and a ratio between a thick-
ness of a lower cover layer and a distance from an end of the
lowermost internal electrode in a length direction to an end of
a band portion of an external electrode close thereto.

RELATED ART DOCUMENT

(Patent document 1) Korean Patent Laid-Open Publication
No. 10-2001-0089761

SUMMARY OF THE INVENTION

An aspect of the present invention provides a novel scheme
regarding a multilayer ceramic capacitor (ML.CC), capable of
restraining the occurrence of delamination or cracks due to a
thermal shock or a mechanical shock such as stress resulting
from warpage of a printed circuit board after the MLCC is
mounted thereon, by compensating for steps between mar-
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ginal portions in which internal electrodes are not formed and
dielectric layers on which internal electrodes are formed.

According to an aspect of the present invention, there is
provided a multilayer ceramic capacitor including: a ceramic
body having a plurality of dielectric layers laminated therein;
an active layer including a plurality of first and second inter-
nal electrodes alternately exposed to both end surfaces of the
ceramic body with the dielectric layer interposed therebe-
tween; upper and lower cover layers formed on upper and
lower surfaces of the active layer; and first and second exter-
nal electrodes formed on the end surfaces of the ceramic body,
wherein when a thickness of the ceramic body is defined as T,
athickness ofthe active layer is defined as S, a thickness of the
lower cover layer is defined as C, and a distance from an end
of a lowermost internal electrode in a length direction to an
end of aband portion of an external electrode close to the end
of the lowermost internal electrode is defined A, 0.25=<S/
T=0.75 and 3=A/C<10 are satisfied.

The ceramic body may have a thickness of 80 pm or less.

A thickness of the lower cover layer may be greater than
that of the upper cover layer.

The multilayer ceramic capacitor may further include first
and second plating layers covering the first and second exter-
nal electrodes formed on the end surfaces of the ceramic body.

The first and second plating layers may have a thickness of
5 um or less.

According to another aspect of the present invention, there
is provided a method of manufacturing a multilayer ceramic
capacitor, the method including: preparing a plurality of
ceramic green sheets; forming a plurality of first and second
internal electrodes on the individual ceramic green sheets so
as to be exposed in opposite directions; stacking the plurality
of ceramic green sheets having the first and second internal
electrodes formed thereonto form a preliminary laminate;
stacking one or more ceramic green sheets upper and lower
surfaces of the preliminary laminate to form upper and lower
cover layers to form a ceramic laminate; sintering the ceramic
laminate to form a ceramic body; and forming first and second
external electrodes on both end surfaces of the ceramic body
such that the first and second external electrodes are electri-
cally connected to exposed portions of the first and second
internal electrodes, wherein when a thickness of the ceramic
body is defined as T, a thickness of the preliminary laminate
is defined as S, a thickness of the lower cover layer is defined
as C, and a distance from an end of a lowermost internal
electrode in a length direction to an end of a band portion of
an external electrode close to the end of the lowermost inter-
nal electrode is defined A, the upper and lower cover layers,
the first and second internal electrodes, and the first and
second external electrodes are formed to satisfy 0.25<S/
T<0.75 and 3=A/C<10.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a partially cutaway perspective view of a multi-
layer ceramic capacitor (MLCC) according to an embodi-
ment of the present invention;

FIG. 2 is a cross-sectional view of the MLCC of FIG. 1
taken in a length direction of the MLCC;

FIG. 3 is a partially cutaway perspective view of a multi-
layer ceramic capacitor (MLCC) according to another
embodiment of the present invention; and
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FIG. 4 is a cross-sectional view of the MLCC of FIG. 2
taken in a length direction of the MLCC.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

The invention may, however, be embodied in many difter-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art.

In the drawings, the shapes and dimensions of elements
may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like elements.

In order to clarify embodiments of the present invention,
directions of a ceramic body having a hexahedral shape may
be defined as follows: L, W, and T in FIG. 1 denote a length
direction, a width direction, and a thickness direction, respec-
tively. Here, the thickness direction may also refer to a lami-
nation direction in which dielectric layers are laminated.

Also, for convenience of explanations, surfaces of the
ceramic body on which first and second external electrodes
are formed in a length direction of the ceramic body are
defined as end surfaces, and surfaces of the ceramic body
perpendicular to the end surfaces are defined as left and right
lateral surfaces.

Referring to FIGS. 1 and 2, a multilayer ceramic capacitor
(MLCC) 100 according to an embodiment of the invention
may include a ceramic body 110, an active layer 115 having
first and second internal electrodes 121 and 122, upper and
lower cover layers 112 and 113, and first and second external
electrodes 131 and 132 covering the end surfaces of the
ceramic body 110.

The ceramic body 110 may be formed by stacking a plu-
rality of dielectric layers 111 and sintering the same. The
shape and dimensions of the ceramic body 110 and the num-
ber of stacked dielectric layers 111 are not limited to those
illustrated in the present embodiment.

Also, the plurality of dielectric layers 111 forming the
ceramic body 110 are in a sintered state, and adjacent dielec-
tric layers 111 may be integrated such that boundaries ther-
ebetween may not be readily apparent without the use of a
scanning electron microscope (SEM).

The ceramic body 110 may include the active layer 115 as
a portion of the capacitor contributing to the formation of
capacitance, and the upper and lower cover layers 112 and
113, as margin portions, formed on upper and lower surfaces
of the active layer 115.

The active layer 115 may be formed by iteratively stacking
the first and second internal electrodes 121 and 122 with the
dielectric layer 111 interposed therebetween.

Here, a thickness of the dielectric layer 111 may be arbi-
trarily changed according to design of capacitance of the
MLCC 100. Preferably, a thickness of one dielectric layer 111
after sintering may range from 0.01 pm to 1.00 pm, but the
invention is not limited thereto.

Also, the dielectric layer 111 may be made of ceramic
powder having high permittivity, e.g., a barium titanate (Ba-
TiO;)-based powder, a strontium titanate (SrTiO;)-based
powder, or the like, but the invention is not limited thereto.

The upper and lower cover layers 112 and 113 may be
made of the same material and have the same configuration as
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those of the dielectric layers 111, except that they do not
include any internal electrode.

The upper and lower cover layers 112 and 113 may be
formed by using a single dielectric layer or stacking two or
more dielectric layers on the upper and lower surfaces of the
active layer 115, and may basically serve to prevent damage
to the first and second internal electrodes 121 and 122 due to
physical or chemical stress.

The first and second internal electrodes 121 and 122, a pair
of electrodes having opposite polarities, may be formed by
printing a conductive paste including a conductive metal on
ceramic green sheets to have a predetermined thickness, such
that the first and second internal electrodes 121 and 122 are
alternately exposed to both end surfaces of the ceramic body
in the lamination direction of the dielectric layers 111. The
first and second internal electrodes 121 and 122 may be
electrically insulated from one another by the dielectric layer
111 disposed therebetween.

Namely, the first and second internal electrodes 121 and
122 may be electrically connected to the first and second
external electrodes 131 and 132 through portions thereof
alternately exposed to both end surfaces of the ceramic body
110.

Thus, when voltage is applied to the first and second exter-
nal electrodes 131 and 132, charges are accumulated between
the mutually facing first and second internal electrodes 121
and 122 and, here, capacitance of the MLCC 100 is propor-
tional to an area of an overlap region of the first and second
internal electrodes 121 and 122.

A thickness of the first and second internal electrodes may
be determined according to intended use of MLCCs. For
example, the thickness of the first and second internal elec-
trodes may be determined to range from 0.2 pm to 1.0 pm in
consideration of the size of the ceramic body 110, but the
invention is not limited thereto.

Also, a conductive metal included in the conductive paste
forming the first and second internal electrodes 121 and 122
may be nickel (Ni), copper (Cu), palladium (Pd), or an alloy
thereof, but the invention is not limited thereto.

Also, the conductive paste may be printed by using a screen
printing method, a gravure printing method, or the like, but
the invention is not limited thereto.

The first and second external electrodes 131 and 132 may
include the head portions 131a and 132a covering both end
surfaces of the ceramic body 110 in the length direction with
the conductive paste including a conductive metal, and the
band portions 1315 and 1326 extending from the head por-
tions 131a and 1324 and covering portions of the upper and
lower surfaces and the lateral surfaces of the ceramic body
110.

Here, the conductive metal may be nickel (Ni), copper
(Cu), palladium (Pd), gold (Au), or an alloy thereof, but the
invention is not limited thereto.

Meanwhile, first and second plating layers (not shown)
may be further formed on both end surfaces of the ceramic
body 110 to cover the first and second electrodes 131 and 132.

The first and second plating layers may serve to further
increase an effect of preventing the occurrence of cracks in
the ceramic body 110 due to shrinkage or tensile stress gen-
erated during a plating process.

The thickness of the first and second plating layers may be
adjusted to be equal to or smaller than 5 pm to prevent deg-
radation of reliability due to infiltration of moisture into the
ceramic body 110, but the invention is not limited thereto.

It is required to increase reliability by reducing the occur-
rence of warpage cracks or delamination by adjusting a dis-
tance between the first and second external electrodes 131 and
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132 and end portions of the first and second internal elec-
trodes 121 and 122 in which steps are mainly generated when
the MLLCC 100 is mounted on a printed circuit board (PCB)
and by adjusting a thickness of the ceramic body 110 and that
of the active layer 115.

In the present embodiment, an overall thickness of the
ceramic body 110 is defined as T, an overall thickness of the
active layer 115 is defined as S, a thickness of the lower cover
layer 113 is defined as C, and a distance from an end of the
lowermost second internal electrode 122 in the length direc-
tion to an end of the band portion 1315 of the first external
electrode 131 close to the end of the lowermost second inter-
nal electrode 122 is defined as A.

Here, the overall thickness of the ceramic body 110 refers
to a distance from the upper surface of the ceramic body 110
to the lower surface thereof, and the overall thickness of the
active layer 115 refers to a distance from an upper surface of
the first internal electrode 121 formed on the uppermost por-
tion of the active layer 115 to a lower surface of the second
internal electrode 122 formed on the lowermost portion of the
active layer 115. The thickness C of the lower cover layer 113
refers to a distance from the lower surface of the second
internal electrode 122 formed on the lowermost portion of the
active layer 115 in the thickness direction to the lower surface
of the ceramic body 110.

Here, ranges by which reliability can be enhanced by
reducing the occurrence of delamination or warpage cracks
may be 0.25<S/T=0.75 and 3=A/C<10.

Namely, a distance from the end portion of the internal
electrode on which stress is concentrated due to a difference
in shrinkage to the end portion of the external electrode on
which plating stress is concentrated due to plating may be
adjusted to be greater than a predetermined value, whereby
warpage cracks may be prevented.

Here, in the case in which S/T is less than 0.25, warpage
cracks may be generated, and in the case in which S/T exceeds
0.75, delamination may be generated.

Also, inthe case in which A/Cis less than 3, a portion of the
ceramic body 110 on which mechanical impact such as stress
resulting from warpage of a PCB dueto a difference in shrink-
age is concentrated may correspond to or be close to a portion
thereofin which a step is generated, whereby a warpage crack
occurrence rate may be increased.

Also, in the case in which A/C exceeds 10, breakdown
voltage (BDV) may be reduced.

FIGS. 3 and 4 illustrate an MLCC 100' according to
another embodiment of the invention.

Referring to FIGS. 3 and 4, in the MLCC 100" according to
another embodiment of the invention, the lower cover layer
113 may have a thickness greater than that of the upper cover
layer 112 by increasing the number of dielectric layers
stacked in the lower cover layer 113.

With this structure, the effect of preventing warpage cracks
and delamination and the effect of reducing acoustic noise
can be further obtained. Other features are the same as those
described in the former embodiment, so a detailed description
thereof will be omitted.

Hereinafter, relationships between dimensions of the com-
ponents included in the MLLCC, and the occurrence frequency
of' warpage cracks, delamination, and BDV reduction will be
described.

MLCCs according to inventive and comparative examples
may be manufactured as follows.

First, slurry including powder such as barium titanate (Ba-
TiO,;), or the like, may be applied to carrier films and then
dried to prepare a plurality of ceramic green sheets having a
predetermined thickness.
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Next, a conductive paste for internal electrodes may be
applied to the individual ceramic green sheets so as to be
exposed to one ends of the ceramic green sheets opposing one
another in a length direction thereof, thereby forming the
plurality of first and second internal electrodes 121 and 122.

Here, the conductive paste may be applied through a screen
printing method, but the invention is not limited thereto.

Thereafter, the plurality of ceramic green sheets having the
first and second internal electrodes 121 and 122 formed
thereon may be stacked in a thickness direction to thereby
form a preliminary laminate.

Ceramic green sheets having no internal electrode may be
stacked on upper and lower surfaces of the preliminary lami-
nate to thereby form a ceramic laminate.

Here, one or more ceramic green sheets having no internal
electrode may be stacked on the upper and lower surfaces of
the preliminary laminate, and the number of stacked ceramic
green sheets having no internal electrode is not particularly
limited.

Also, if necessary, the number of ceramic green sheets
having no internal electrode stacked below the preliminary
laminate may be greater than the number of ceramic green
sheets having no internal electrode stacked above the prelimi-
nary laminate.

Thereafter, the ceramic laminate may be isostatic-pressed
under a pressure condition of 1000 kgf/cm? at 85.

Here, when a thickness of the isostatic-pressed ceramic
laminate is defined as T and a thickness of the active layer 115
including the plurality of first and second internal electrodes
121 and 122 is defined as S, the ceramic green sheets having
the first and second internal electrodes 121 and 122 formed
thereon and the ceramic green sheets having no internal elec-
trode may be stacked to satisty a range of 0.25<S/T<0.75.

Thereafter, the isostatic-pressed ceramic laminate may be
severed into individual chips, and a debinding process may be
performed on the chips at 230 for 60 hours under air atmo-
sphere.

Thereafter, the chips may be sintered at an oxygen partial
pressure of 107" atm ~107'° atm, lower than a Ni/NiO equi-
librium oxygen partial pressure, under a reducing atmosphere
at a temperature of about 1200° C. in order for the first and
second internal electrodes 121 and 122 not to be oxidized,
thereby forming the ceramic bodies 110.

Here, the ceramic bodies 110 may be manufactured to have
respective thicknesses of 150 mm, 100 mm, 80 mm, and 50
mm, after the sintering process, and in this case, manufactur-
ing tolerance may be determined to be £0.1 mm.

Thereafter, the first and second external electrodes 131 and
132 may be formed on both end surfaces of each ceramic
body 110.

The first and second external electrodes 131 and 132 may
include the head portions 131a and 132a covering both end
surfaces of the ceramic body 110 so as to be electrically
connected to the first and second internal electrodes 121 and
122, and the band portions 1315 and 1324 covering portions
of'the upper and lower surfaces and the lateral surfaces of the
ceramic body 110.

Here, when a thickness of the lower cover layer 113 is
defined as C and a distance from an end of the lowermost
second internal electrode 122 in the length direction thereof
to an end of the band portion 13156 of the first external elec-
trode 131 is defined A, the lower cover layer 113, the second
internal electrode 122, and the band portion 1315 of the first
external electrode 131 may be formed to satisfy a range of
3=<A/Cs<10.

A length of a marginal portion of the first internal electrode
121 in the length direction and a length of the band portion
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1324 of the second external electrode 132 may be set to be
similar to a length of a marginal portion of the second internal
electrode 122 in the length direction and a length of the band
portion 1315 of the first external electrode 131, and the inven-
tion is not limited thereto.

Thereafter, if necessary, a plating process may be per-
formed to form first and second plating layers covering the
first and second external electrodes 131 and 132 formed on
the end surfaces of the ceramic body 110.

Here, the first and second plating layers may be formed to
have a thickness of 5 um or less, and the invention is not
limited thereto.

After the manufacturing of the MLLCCs, they were tested to
measure the occurrence frequency of warpage cracks,
delamination, and BDV reduction.

Respective dimensions of the elements of each MLCC
were measured based on an image of a cross-section of the
ceramic body of the MLLCC taken in the L-T direction, after
being cut in a W-directional central portion of the ceramic
body, by using a scanning electron microscope (SEM), as
shown in FIG. 2.

Here, as described above, the overall thickness of the
ceramic body 110 was defined as T, the overall thickness of
the active layer 115 was defined as S, the thickness of the
lower cover layer 113 was defined as C, and a distance from
an end of the lowermost second internal electrode 122 in the
L direction to an end of the band portion 1315 of the first
external electrode 131 in the L direction was defined A.

The occurrence frequencies of warpage cracks, delamina-
tion, and BDV reduction according to S/T and A/C of the
MLCCs are shown in Table 1 in a case in which the thickness
of the ceramic body 110 was 50 mm, are shown in Table 2 in
a case in which the thickness of the ceramic body 110 was 80
mm, are shown in Table 3 in a case in which the thickness of
the ceramic body 110 was 100 mm, and are shown in Table 4
in a case in which the thickness of the ceramic body 110 was
150 mm.

As for numerical values of warpage cracks, delamination,
and BDV reduction, 200 samples in respective cases as
described above were tested and numbers of defective
samples were measured.

TABLE 1
Thickness Occurrence
of Frequency

Ceramic of Warpage  Delamin- BDV

No. Body (mm) S/T A/C Cracks ation Reduction
1 50 0.15 2 0/200 0/200 0/200
2 3 0/200 0/200 0/200
3 5 0/200 0/200 0/200
4 7 0/200 0/200 0/200
5 10 0/200 0/200 13/200
6 12 0/200 0/200 27/200
7 0.20 2 0/200 0/200 0/200
8 3 0/200 0/200 0/200
9 5 0/200 0/200 0/200
10 7 0/200 0/200 0/200
11 10 0/200 0/200 8/200
12 12 0/200 0/200 21/200
13 0.25 2 6/200 0/200 0/200
14 3 0/200 0/200 0/200
15 5 0/200 0/200 0/200
16 7 0/200 0/200 0/200
17 10 0/200 0/200 0/200
18 12 0/200 0/200 12/200
19 0.30 2 12/200 0/200 0/200
20 3 0/200 0/200 0/200
21 5 0/200 0/200 0/200
22 7 0/200 0/200 0/200
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TABLE 1-continued

Thickness Occurrence

of Frequency
Ceramic of Warpage  Delamin- BDV

No. Body(mm) S/T A/C Cracks ation Reduction
23 10 0/200 0/200 0/200
24 12 0/200 0/200 7/200
25 0.50 2 17/200 0/200 0/200
26 3 0/200 0/200 0/200
27 5 0/200 0/200 0/200
28 7 0/200 0/200 0/200
29 10 0/200 0/200 0/200
30 12 0/200 0/200 5/200
31 0.75 2 23/200 0/200 0/200
32 3 0/200 0/200 0/200
33 5 0/200 0/200 0/200
34 7 0/200 0/200 0/200
35 10 0/200 0/200 0/200
36 12 0/200 0/200 3/200
37 0.85 2 27/200 4/200 0/200
38 3 18/200 10/200 0/200
39 5 15/200 31/200 0/200
40 7 7/200 54/200 0/200
41 10 1/200 64/200 0/200
42 12 0/200 89/200 3/200
<MLCCs each having a ceramic body having a thickness of 50 mm>
TABLE 2

Thickness Occurrence

of Frequency
Ceramic of Warpage  Delamin- BDV

No. Body(mm) S/T A/C Cracks ation Reduction

1 80 0.15 2 0/200 0/200 0/200
2 3 0/200 0/200 0/200
3 5 0/200 0/200 0/200
4 7 0/200 0/200 2/200
5 10 0/200 0/200 16/200
6 12 0/200 0/200 31/200
7 0.20 2 0/200 0/200 0/200
8 3 0/200 0/200 0/200
9 5 0/200 0/200 0/200
10 7 0/200 0/200 0/200
11 10 0/200 0/200 10/200
12 12 0/200 0/200 27/200
13 0.25 2 4/200 0/200 0/200
14 3 0/200 0/200 0/200
15 5 0/200 0/200 0/200
16 7 0/200 0/200 0/200
17 10 0/200 0/200 0/200
18 12 0/200 0/200 13/200
19 0.30 2 9/200 0/200 0/200
20 3 0/200 0/200 0/200
21 5 0/200 0/200 0/200
22 7 0/200 0/200 0/200
23 10 0/200 0/200 0/200
24 12 0/200 0/200 11/200
25 0.50 2 15/200 0/200 0/200
26 3 0/200 0/200 0/200
27 5 0/200 0/200 0/200
28 7 0/200 0/200 0/200
29 10 0/200 0/200 0/200
30 12 0/200 0/200 10/200
31 0.75 2 21/200 0/200 0/200
32 3 0/200 0/200 0/200
33 5 0/200 0/200 0/200
34 7 0/200 0/200 0/200
35 10 0/200 0/200 0/200
36 12 0/200 0/200 9/200
37 0.85 2 24/200 2/200 0/200
38 3 19/200 5/200 0/200
39 5 14/200 21/200 0/200
40 7 4/200 34/200 0/200
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TABLE 2-continued
Thickness Occurrence
of Frequency
Ceramic of Warpage  Delamin- BDV
No. Body (mm) S/T A/C Cracks ation Reduction
41 10 0/200 58/200 0/200
42 12 0/200 84/200 6/200
<MLCCs each having a ceramic body having a thickness of 80 mm>
TABLE 3
Thickness Occurrence
of Frequency
Ceramic of Warpage  Delamin- BDV
No. Body (mm) S/T A/C Cracks ation Reduction
1 100 0.15 2 0/200 0/200 0/200
2 3 0/200 0/200 0/200
3 5 0/200 0/200 0/200
4 7 0/200 0/200 8/200
5 10 0/200 0/200 27/200
6 12 0/200 0/200 46/200
7 0.20 2 0/200 0/200 0/200
8 3 0/200 0/200 0/200
9 5 0/200 0/200 0/200
10 7 0/200 0/200 3/200
11 10 0/200 0/200 15/200
12 12 0/200 0/200 31/200
13 0.25 2 0/200 0/200 0/200
14 3 0/200 0/200 0/200
15 5 0/200 0/200 0/200
16 7 0/200 0/200 0/200
17 10 0/200 0/200 9/200
18 12 0/200 0/200 19/200
19 0.30 2 0/200 0/200 0/200
20 3 0/200 0/200 0/200
21 5 0/200 0/200 0/200
22 7 0/200 0/200 0/200
23 10 0/200 0/200 1/200
24 12 0/200 0/200 11/200
25 0.50 2 0/200 0/200 0/200
26 3 0/200 0/200 0/200
27 5 0/200 0/200 0/200
28 7 0/200 0/200 0/200
29 10 0/200 0/200 0/200
30 12 0/200 0/200 9/200
31 0.75 2 0/200 0/200 0/200
32 3 0/200 0/200 0/200
33 5 0/200 0/200 0/200
34 7 0/200 0/200 0/200
35 10 0/200 0/200 0/200
36 12 0/200 0/200 9/200
37 0.85 2 0/200 0/200 0/200
38 3 0/200 0/200 0/200
39 5 0/200 0/200 0/200
40 7 0/200 0/200 0/200
41 10 0/200 0/200 0/200
42 12 0/200 0/200 5/200
<MLCCs each having a ceramic body having a thickness of 100 mm>
TABLE 4
Thickness Occurrence
of Frequency
Ceramic of Warpage  Delamin- BDV
No. Body (mm) S/T A/C Cracks ation Reduction
1 150 0.15 2 0/200 0/200 0/200
2 3 0/200 0/200 0/200
3 5 0/200 0/200 0/200
4 7 0/200 0/200 18/200
5 10 0/200 0/200 35/200
6 12 0/200 0/200 64/200
7 0.20 2 0/200 0/200 0/200
8 3 0/200 0/200 0/200
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TABLE 4-continued
Thickness Occurrence
of Frequency

Ceramic of Warpage  Delamin- BDV

No. Body(mm) S/T A/C Cracks ation Reduction
9 5 0/200 0/200 0/200
10 7 0/200 0/200 16/200
11 10 0/200 0/200 31/200
12 12 0/200 0/200 57/200
13 0.25 2 0/200 0/200 0/200
14 3 0/200 0/200 0/200
15 5 0/200 0/200 0/200
16 7 0/200 0/200 9/200
17 10 0/200 0/200 22/200
18 12 0/200 0/200 45/200
19 0.30 2 0/200 0/200 0/200
20 3 0/200 0/200 0/200
21 5 0/200 0/200 0/200
22 7 0/200 0/200 6/200
23 10 0/200 0/200 17/200
24 12 0/200 0/200 32/200
25 0.50 2 0/200 0/200 0/200
26 3 0/200 0/200 0/200
27 5 0/200 0/200 0/200
28 7 0/200 0/200 2/200
29 10 0/200 0/200 11/200
30 12 0/200 0/200 25/200
31 0.75 2 0/200 0/200 0/200
32 3 0/200 0/200 0/200
33 5 0/200 0/200 0/200
34 7 0/200 0/200 0/200
35 10 0/200 0/200 7/200
36 12 0/200 0/200 18/200
37 0.85 2 0/200 0/200 0/200
38 3 0/200 0/200 0/200
39 5 0/200 0/200 0/200
40 7 0/200 0/200 0/200
41 10 0/200 0/200 0/200
42 12 0/200 0/200 8/200

<MLCCs each having a ceramic body having a thickness of 150 mm>

In Table 1, it can be seen that, in the case of samples 13 to
36 in which S/T ranged from 0.25 to 0.75, when A/C ranged
from 3 to 10, warpage cracks and delamination did not occur
and BDV was not reduced.

However, it can be seen that, even when S/T ranged from
0.25100.75, in the case of samples 13,19, 25, and 31 in which
A/C was less than 3, warpage cracks occurred, and in the case
of'samples 18, 24,30, and 36 in which A/C exceeded 10, BDV
was reduced.

Also, it can be seen that, in the case of samples 5 and 11
among the samples in which S/T was less than 0.25, even
when A/C was equal to or less than 10, BDV was reduced.

Also, it can be seen that, in the case of samples 38 to 41 in
which S/T exceeded 0.75, even when A/C satisfied the range
of 3 to 10, warpage cracks occurred and delamination
occurred severely.

In Table 2, it can be seen that, in the case of samples 13 to
36 in which S/T ranged from 0.25 to 0.75, when A/C ranged
from 3 to 10, warpage cracks and delamination did not occur
and BDV was not reduced.

However, it can be seen that, even when S/T ranged from
0.25100.75, in the case of samples 13,19, 25, and 31 in which
A/C was less than 3, warpage cracks occurred, and in the case
of'samples 18, 24,30, and 36 in which A/C exceeded 10, BDV
was reduced.

Also, it can be seen that, in the case of samples 4, 5, and 11,
among the samples in which S/T was less than 0.25, even
when A/C was not greater than 10, BDV was reduced.

Also, it can be seen that, in the case of samples 38 to 41 in
which S/T exceeded 0.75, even when A/C satisfied the range
of 3 to 10, warpage cracks occurred and delamination
occurred severely.
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Thus, it can be seen that a desirable numerical value range
in which the occurrence of warpage cracks and delamination
is restrained and a reduction of BDV is prevented is 0.25<S/
T<0.75 and 3=A/C=10.

Referring to Table 3, in the case of samples 17 and 23
among the samples in which S/T ranged from 0.25 t0 0.75 and
A/C ranged from 3 to 10, warpage cracks and delamination
did not occur, but BDV was reduced.

Referring to Table 4, in the case of samples 16, 17, 22, 23,
28, 29 and 35 among the samples in which S/T ranged from
0.25100.75 and A/C ranged from 3 to 10, warpage cracks and
delamination did not occur, but BDV was reduced.

Thus, it can be seen that a thickness of the ceramic body
110 sufficient to restrain the occurrence of warpage cracks
and delamination and prevent a reduction of BDV is equal to
or less than 80 um.

As set forth above, according to embodiments of the inven-
tion, the occurrence of delamination or cracks, due to thermal
shock or mechanical shock such as stress generated due to the
warpage of a printed circuit board after the MLLCC is mounted
thereon, may be restrained by compensating for steps in the
ceramic body, such that infiltration of moisture or foreign
objects into exposed surfaces of the internal electrodes may
be avoided, whereby a degradation of insulation resistance
may be prevented and reliability of the MLCC may be
improved.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What is claimed is:

1. A multilayer ceramic capacitor comprising:

a ceramic body having a plurality of dielectric layers lami-
nated therein;

an active layer including a plurality of first and second
internal electrodes alternately exposed to both end sur-
faces of the ceramic body with the dielectric layer inter-
posed therebetween;

upper and lower cover layers formed on upper and lower
surfaces of the active layer; and

first and second external electrodes formed on the end
surfaces of the ceramic body,

wherein when a thickness of the ceramic body is defined as
T, a thickness of the active layer is defined as S, a thick-
ness of the lower cover layer is defined as C, and a
distance from an end of a lowermost internal electrode in
a length direction to an end of a band portion of an
external electrode close to the end of the lowermost
internal electrode is defined A, 0.25<S/T<0.75 and 3=A/
Cx=10 are satisfied.
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2. The multilayer ceramic capacitor of claim 1, wherein the
ceramic body has a thickness of 80 pm or less.

3. The multilayer ceramic capacitor of claim 1, wherein a
thickness of the lower cover layer is greater than that of the
upper cover layer.

4. The multilayer ceramic capacitor of claim 1, further
comprising first and second plating layers covering the first
and second external electrodes formed on the end surfaces of
the ceramic body.

5. The multilayer ceramic capacitor of claim 4, wherein the
first and second plating layers have a thickness of 5 um or less.

6. A method of manufacturing a multilayer ceramic capaci-
tor, the method comprising:

preparing a plurality of ceramic green sheets;

forming a plurality of first and second internal electrodes

on the individual ceramic green sheets so as to be
exposed in opposite directions;

stacking the plurality of ceramic green sheets having the

first and second internal electrodes formed thereonto
form a preliminary laminate;
stacking one or more ceramic green sheets on upper and
lower surfaces of the preliminary laminate to form upper
and lower cover layers to form a ceramic laminate;

sintering the ceramic laminate to form a ceramic body; and

forming first and second external electrodes on both end
surfaces of the ceramic body such that the first and
second external electrodes are electrically connected to
exposed portions of the first and second internal elec-
trodes,

wherein when a thickness of the ceramic body is defined as

T, athickness of the preliminary laminate is defined as S,
a thickness of the lower cover layer is defined as C, and
a distance from an end of a lowermost internal electrode
in a length direction to an end of a band portion of an
external electrode close to the end of the lowermost
internal electrode is defined A, the upper and lower cover
layers, the first and second internal electrodes, and the
first and second external electrodes are formed to satisfy
0.25=S/T=0.75 and 3<A/Cx<10.

7. The method of claim 6, wherein the ceramic green sheets
are stacked to form the ceramic body having a thickness of 80
pum or less.

8. The method of claim 6, wherein in the forming of the
upper and lower cover layers, a thickness of the lower cover
layer is greater than that of the upper cover layer.

9. The method of claim 6, further comprising forming first
and second plating layers to cover the first and second exter-
nal electrodes formed on the end surfaces of the ceramic body,
after the forming of the first and second external electrodes.

10. The method of claim 9, wherein the first and second
plating layers are formed to have a thickness of 5 um or less.
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